Retinoic acid (RA), synthesized from the dietary vitamin retinol, is required for male and female gametes to enter meiosis. In female mice, meiosis is initiated soon after determination of gonadal sex, which is completed by 12.5 days postcoitum (dpc). This initiation can be blocked by RA antagonists or by knock out of the RA-regulated gene Stra8 [1, 2] . In contrast to what happens in the fetal ovary, gonocytes in a 12.5-dpc fetal testis enter the G 0 phase of the cell cycle and do not divide again until after birth. The exit of male gonocytes from the cell cycle is not the result of an inability of these cells to respond to RA, because incubation of a fetal testis with RA causes the gonocytes to enter meiosis [3] . Neither is this exit the result of a lack of RA synthesis, because in both sexes, the mesonephros expresses ALDH1A2, the rate-limiting enzyme in RA biosynthesis [3] . However, at 12.5 dpc, testicular RA concentration is only 20% of the ovarian concentration because of the testicular expression of CYP26B1, an enzyme that converts RA to inactive metabolites [2] . The importance of this expression is evident in the fact that in fetal Cyp26b1-null mice, testicular RA levels are elevated 3-fold and gonocytes initiate meiosis at 12.5 dpc [4] . Thus, the initiation of meiosis is determined by the availability of RA, not by the genetic sex of the gonocytes.
In the normal course of murine testicular maturation, RA activity is first noted at approximately 3 days of age. At that age, gonocytes begin to differentiate into A 1 spermatogonia and then reenter the mitotic cell cycle [5] . Analysis of adult vitamin A-deficient rats led Van Pelt et al. [6] to conclude that this differentiation and the subsequent entry of preleptotene spermatocytes into meiosis were RA-dependent events. However, the mechanisms by which RA regulates these two processes must differ, because the first is Stra8-independent whereas the second is Stra8-dependent [1] .
Despite the wealth of data regarding RA action in the gonads, many important questions about how it regulates the differentiation of gonocytes remain unanswered. First, when RA stimulates fetal gonocytes to enter meiosis, is RA acting via somatic cells within the fetal gonad, or is it acting directly on the gonocytes? In this issue of Biology of Reproduction, Ohta et al. [7] answer this question. In the mammalian testis, spermatogenesis is organized in stages that are arranged in sequence along the seminiferous tubule, thereby creating the wave of the seminiferous epithelium [8] . Second, when postnatal testicular gonocytes are stimulated to differentiate, how is this event orchestrated along the length of a seminiferous tubule? The stages of the cycle appear to be established coincidently with the differentiation of gonocytes into type A spermatogonia, so the wave also must be established at the same time [9] . In the November issue of Biology of Reproduction, Snyder et al. [10] describe the importance of retinol metabolism in the generation of this wave.
RA Acts Directly on Gonocytes to Stimulate Their Entry into Meiosis
Ohta et al. [7] study highly purified testicular gonocytes to determine if RA directly stimulates these cells to enter meiosis. These authors demonstrate that RA stimulates gonocytes isolated from 13.5-dpc embryos to synthesize DNA, enter meiosis, and progress as far as the pachytene stage. Surprisingly, these authors also demonstrate that the response to RA is blunted in gonocytes isolated from 14.5-dpc embryos and is absent in gonocytes isolated from 15.5-dpc embryos. Why is the response to RA by male gonocytes temporally constrained? Ohta et al. show that RA suppresses the transcriptional expression of the DNA methytransferase, Dnmt3l, by 13.5-dpc gonocytes as well as the formation of the male-specific imprint on the H19 differentially methylated domain of mouse chromosome 7. However, the authors show that RA has no effect on Dnmt3l expression by gonocytes at 14.5 and 15.5 dpc and little or no effect on the development of the H19 domain imprint at these later ages. Taken together, these data demonstrate that RA can alter the development of the male-specific epigenome, but that RA has no effect once the epigenetic changes have been initiated. One wonders if these same imprints are responsible for the fact that in 3-dayold mouse testes, gonocytes respond to RA by differentiating into spermatogonia and initiating mitosis, not meiosis.
Whereas Ohta et al. provide convincing proof that RA can stimulate male gonocytes to enter meiosis, it is important to note that in vivo, the premature entry of male gonocytes into meiosis produces no viable gametes [4] . Rather, meiosis progresses no further than the pachytene stage, and the germ cells succumb to apoptosis. 
Distribution of RA and Differentiation of Gonocytes in the Newborn Testis
Snyder et al. [10] address the role of retinol in spermatogonial differentiation in the newborn mouse testis and its consequences to the establishment of the spermatogenic wave. In a series of elegant studies of a transgenic mouse that expresses an RA-driven reporter gene, these authors document robust RA signaling in spermatogenic cells within a testis of a 3-day-old mouse. Surprisingly, analysis of cross-sections of seminiferous tubules shows considerable heterogeneity in RAdriven transgene activity. However, incubation of testis fragments with RA demonstrates that germ cells in all of the tubules are competent to respond to RA. Thus, the heterogeneous activity of the RA-reporter gene must be the result of differences in the amounts of RA within the different segments of the tubules (Fig. 1) . This hypothesis is supported by the authors' observation that different tubule cross-sections contain different levels of CYP26B1. Thus, Snyder et al. reveal the proximal cause for the development of the spermatogenic wave along the length of a seminiferous tubule. Because the level of RA in a tubule should be inversely proportionally to the level of expression of CYP26B1, a decrease in expression of this enzyme in a segment of a tubule of a 3-day-old mouse should cause levels of RA to increase, type A spermatogonia to be formed, and spermatogenesis to be initiated in that segment.
Questions Arising from These Papers
The papers by Ohta et al. [7] and Snyder et al. [10] in this and the previous issue of Biology of Reproduction represent important steps in our understanding of the temporally constrained functions of RA during gametogenesis. Many new questions arise from these papers. Is it the male-specific imprint of gonocytes that causes spermatogonia in testis of a 3-day-old mouse to initiate mitosis and not meiosis? What regulatory mechanisms constrain the fetal expression of the Cyp26b1 gene to the fetal male gonad? What causes this gene to become nonuniformly suppressed in seminiferous tubules of 3-day-old mice? During the development of the spermatogenic wave, is the expression of this gene sequentially downregulated along the seminiferous tubule? Or, when CYP26B1 expression is down-regulated in a given segment of the tubule, is enough RA formed that its diffusion along the tubule is sufficient to sequentially induce differentiation of gonocytes into type A 1 spermatogonia? These questions await further investigation.
